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Simple  and  Inexpensive  Anti-Cholinesterase 
Detectors  for  Field  Use 


S.  /.  Zacks,* 
and 

Brig.  Gen.  Joe  M.  B/umfaerg,  MC,  USAf 

T. .K  various  chemical  and  histochemical 
techniques1'1  now  available  for  the  detection 
and  localization  of  acetyl  cholinesterase  ac¬ 
tivity  suggest  basic  principles  from  which 
simple  anti-cholinesterase  detectors  for  field 
use  could  be  developed  if  the  need  for  such 
devices  exists.  These  devices  should  be  small, 
sensitive,  inexpensive,  and  specifically  detect 
the  presence  oi  anti-cholinesterase  agents  in 
air.  Quantification  is  also  desirable.  The  fol¬ 
lowing  brief  discussion  of  principles  for  sim¬ 
ple  anti-cholinesterase  field  detectors  and 
presentation  of  three  model  devices  is  in¬ 
tended  as  a  preliminary  presentation  of  what 
is  believed  to  be  a  feasible  system.  It  is  in¬ 
tended  that  further  development  and  testing 
would  be  carried  on  by  the  proper  agency. 

This  discussion  will  not  deal  with  clinical 
detection  for  the  following  reasons: 

Firstly,  poisoning  of  significant  degree  will 
be  clinically  evident  to  the  victim  or  corps- 
man  so  that  field  testing  of  blood  will  be 
superfluous.  Secondly,  information  derived 
from  devices  based  on  detection  of  serum 
cholinesterase  inhibition  (in  blood  samples) 
is  not  particularly  relevant.  Since  nearly  90 '/< 
inhibition  of  serum  cholinestrase  must  oc¬ 
cur  (in  animals)  before  the  acetyl  choline¬ 
sterase  level  is  seriously  affected,  measure¬ 
ments  o>  the  blood  level  is  only  indirectly 
related  to  the  status  of  the  patient.  Further¬ 
more  rh's  method  would  be  cumbersome  in 
the  fie-d. 
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Theoretical  Considerations 

Simply  stated,  acetyl  cholinesterase  hy¬ 
drolyzes  acetylcholine  yielding  acetic  acid  and 
choline: 

AcChE 

( CHP,N— CH,—  CH;OCOCHn - 

fCHdiN— CH-— CH.—  OH  +  CH.COOH 

The  release  of  free  acid  can  be  utilized  to 
change  the  color  of  a  pH  indicator  in  a  suit¬ 
able  buffered  solution.  Thus,  if  inhibited,  the 
enzyme  fails  to  hydrolyze  the  substrate  and 
no  color  change  occurs.  Suitable  color  con¬ 
trols  may  be  provided  for  comparison. 

Three  devices  will  be  described  based  on 
these  principles. 

I.  First  Device — (Disposable  Field  Detec¬ 
tor) 

A  polyethylene  plastic  bag  (Fig,  1)  ap¬ 
proximately  2  X  1  X  0.5  inches,  filled  with 
buffer  solution  containing  a  pH  indicator,  is 
fitted  with  a  cap  containing  two  small  bore 
plastic  tubes,  one  of  which  extends  to  the 
bottom  of  the  plastic  bag  and  is  perforated 
by  small  holes.  Within  the  plastic  bag  are 
two  plastic  “pods’’  or  bags  which  contain  re¬ 
spectively,  acetylcholine  solution  and  dried 
purified  acetylcholinesterase.  In  use,  the  air 
inlet  and  outlet  are  opened,  pod  “A”  (dried 
acetylcholinesterase)  is  broken  by  squeezing 
through  the  plastic  bag.  Air  to  be  sampled  is 
pumped  through  the  longer  perforated  tube 
and  the  bag  contents.  Then  the  second  pod 
“B”  is  broken  by  finger  pressure.  A  change  in 
color  of  the  solution  in  the  bag  within  sec¬ 
onds  indicates  hydrolysis  of  acetylcholine.  If 
the  enzyme  is  inhibited  by  inhibitors  in  the 
sampled  air,  no  color  change  will  be  ob¬ 
served.  Control  color  standards  may  be  incor¬ 
porated  in  the  bag  construction  for  ready  com¬ 
parison.  Pilot  models  using  phenol  red  or 
bromthymol  blue  in  phosphate  buffer  (5  X 
1CH.M)  with  acetylcholine  (10  -M)  as  sub¬ 
strate  have  been  made. 
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Quantification  should  be  possible  by  vary¬ 
ing  the  number  of  times  the  bulb  is  squeezed 
(volume  of  air  passed  through  the  solution). 

II.  Second  Device — (Reusable  field  detec¬ 
tor) 

A  second  device,  larger  and  reusable,  em¬ 
ploys  the  following  reactions: 

purified  cholinesterase  -f  stabilized  diazonium  salt  4- 
6  brom-2-naphthyl  acetate 
6  brom-2-naphthol  +  diazonium  salt  +  co’ored  azo 

dye 

Color  formation  has  been  obtained  by  using 
diazo  blue  B,  6  brom-2-naphthyl  acetate  and 
purified  red  cell  acetyl  cholinesterase.  Fig.  2 
illustrates  this  device.  It  consists  of  a  plastic 
chamber  fitted  with  a  revolving  air-tight  cap, 
filter  paper  containing  pods  of  buffer  and  sub¬ 
strate  solutions.  The  filter  is  impregnated 
with  dried  acetyl  cholinesterase  and  stabi¬ 
lized  diazonium  salt.  The  opposite  end  of  the 
chamber  is  fitted  with  an  integral  rubber  bel¬ 
lows  for  sampling  air.  Outflow  valves  are  also 
provided  in  the  chamber.  In  use  the  cap  is 
rotated,  to  the  first  position  where  an  integral 
knife  edge  ruptures  the  first  pod  “A”  and 
moistens  the  filter.  Air  to  be  sampled  is  then 
pumped  through  the  chamber.  The  reaction 
is  then  completed  by  rotating  the  cap  to  the 
second  position  where  the  second  pod  “B”  is 


Fig.  2 


similarly  ruptured.  Absence  of  color  production 
in  the  filter  indicates  enzyme  inhibition. 
Quantification  based  on  the  amount  of  air 
pumped  (volume  per  unit  time)  should  be 
possible. 

This  principle  might  be  adapted  to  the  de¬ 
velopment  of  patch  kits  for  the  exterior  of  ve¬ 
hicles,  soldiers’  helmets  or  gas  masks.  Such  a 
device  is  described  as  III. 

III.  Third  Device — (Disposable)  Fig.  3 

An  airtight  foil-covered  package  containing 
two  pods  similar  to  device  II  is  used.  The 
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first  pod  is  broken,  the  paper  is  exposed  to  air 
following  which  the  second  pod  is  broken  to 
complete  the  reaction.  This  device  could  be 
produced  in  any  size  desired. 

Conclusion 

Three  simple  low  cost  devices  are  suggested 
for  possible  development  as  anti-cholinester¬ 
ase  detectors  for  field  use.  Disposable  and  re¬ 
usable  devices  are  described.  Successful  pre¬ 


liminary  tests  of  the  first  and  second  dec  Ices 
have  been  made  with  models.  . 
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